INTRODUCTION
Congenital nasolacrimal duct obstruction (CNLDO), once thought to be a benign disorder, affects 20% of infants worldwide. 1 It is defined by a constellation of symptoms in which constant epiphora and intermittent discharge in one or both eyes top the list. CNLDO spontaneously resolves in the majority of patients in the first few months of life, but it is also reported to persist for several years in some patients. 2 There has been much debate recently on how and if persistent tearing affects the visual development during the period of emmetropization in an infant. An association between CNLDO and anisometropia has been postulated. Various developmental and environmental factors are thought to play a causative role in the development of anisometropia in general and hyperopic anisometropia in particular, increasing the Purpose: To evaluate and compare the refractive state in children diagnosed as having unilateral or bilateral congenital nasolacrimal duct obstruction (CNLDO). This study also compares how the laterality of CNLDO affects the refractive state of the patients.
Methods:
This descriptive cross-sectional study includes consecutive children with unilateral and bilateral CNLDO over a period of 1 year. Cycloplegic refraction was performed on each child who presented with CNLDO followed by appropriate plans for treatment. The refractive errors of patients with unilateral and bilateral CNLDO were compared.
Results: One hundred sixty-one patients with unilateral CNLDO (mean age: 29 ± 19.93 months) and 46 with bilateral CNLDO (mean age: 30 ± 16.21 months) were enrolled from August 2013 to July 2014. The rate of the anisometropia (≥ 1 diopters [D] difference between the two eyes) was 13.7% (n = 22) and 8.6% (n = 4) in patients with unilateral and bilateral CNLDO, respectively. Interocular difference was significant in terms of spherical equivalent (P < .01) but not cylindrical refractive error in patients with unilateral CNLDO. Patients with bilateral CNLDO had insignificant interocular differences in terms of spherical equivalent and cylindrical refractive errors (P > .05).
Conclusions:
Unilateral CNLDO is associated with statistically significant anisometropia compared to bilateral CNLDO, which predisposes children with unilateral CNLDO to amblyopia. It is vital to perform cycloplegic refraction routinely and counsel parents regarding regular follow-ups.
chances of developing amblyopia in the affected children. 3 Moreover, various published studies have been inconclusive on this anecdotal relationship. 4 The purpose of this study was to describe the refractive error findings in a consecutive series of patients diagnosed as having unilateral or bilateral CNLDO by a pediatric ophthalmologist. This study also compared how the laterality of CNLDO affects the refractive status of the patients.
PATIENTS AND METHODS
A descriptive cross-sectional study was conducted in the Department of Pediatric Ophthalmology and Strabismus of Al-Shifa Trust Eye Hospital, Pakistan, from August 1, 2013 to July 31, 2014. The study was approved by the Institutional Ethical and Research Committee. A written informed consent form was obtained from all of the participants of the study. All patients with unilateral or bilateral eye discharge or epiphora due to NLDO and increased tear lake were included in the study. The cycloplegic refraction was performed by the same examiner. Cycloplegic refraction was performed following the topical administration of 1% cyclopentolate in all of the observed children. The final refractive error was defined as the most recent refractive error obtained from the ophthalmic record. All patients with strabismus, ptosis, craniosynostosis, blepharophimosis syndrome, allergy, trichiasis, superficial punctate keratopathy, and history of surgical intervention for CNLDO were excluded from the study.
In the current study, anisometropia was defined as an interocular difference of 1 diopter (D) or more between the two eyes. The risk of amblyopia was determined using the American Association for Pediatric Ophthalmology and Strabismus (AAPOS) guidelines, which state that anisometropia (spherical or cylindrical) greater than 1.5 D is an amblyopic risk factor in preschool vision screening.
All data were analyzed using SPSS for Windows software (version 18; SPSS, Inc., Chicago, IL). The continuous data were tested for normality by using the Kolmogorov-Smirnov test. Because the continuous data were non-parametric, the Wilcoxon signed rank test was used to compare the cylinder and spherical equivalent (SE) of the affected and fellow eyes. An independent-samples t test was conducted to compare the interocular differences in cylinder and SE between the patients with unilateral and bilateral NLDO. To find the association between the age (months) and the gender of patients and the interocular differences in cylinder and SE of affected and non-affected eyes in patients with unilateral CNLDO, the simple linear regression was performed separately for the two outcome variables.
The data are presented as frequencies, mean ± SD, bar chart, confidence intervals, and percentages. At 5% significance level, P values less than .05 were considered statistically significant.
RESULTS
A total of 161 patients (n = 161) with unilateral CNLDO and 46 patients (n = 46) with bilateral CNLDO were included. The mean age was 29 ± 19.93 months (range: 2 to 96 months) in patients with unilateral CNLDO and 30 ± 16.21 months (range: 2 to 84 months) in patients with bilateral CNLDO. In the current study, the highest number of patients (n = 93) with unilateral CNLDO presented in the first 2 years of life (range: 0 to 24 months). The highest number of patients (n = 24) with bilateral CNLDO presented between 2 and 4 years (range: 24 to 48 months) (Figure 1) .
The mean interocular differences in cylinder and SE in patients with unilateral and bilateral CNLDO are shown in Table 1 .
In patients with unilateral CNLDO, a Wilcoxon signed rank test revealed a statistically significant difference between the SE of affected and unaffected eyes (z = -4.196, P < .01), with a medium effect size (r = 0.33). However, no statistically significant difference was observed between the cylinder of affected and unaffected eyes (z = -2.741, P < .05) ( Table 1 ). For patients presenting with bilateral CNLDO, a Wilcoxon signed rank test revealed a statistically non-significant difference between the cylinder) of the right and left eyes (z = -0.489, P > .05) and the axis of the right and left eyes (z = 0.00, P > .05). There was also a statistically non-significant difference between the SE of the right and left eyes (z = -0.278, P > .05). These results indicate that the bilateral nasolacrimal duct obstruction equally affects the refractive status of both eyes ( Table 1 ).
An independent-samples t test was conducted to compare the interocular difference in cylinder and SE between the patients having unilateral and bilateral CNLDO. There was a significant difference in the interocular difference of SE in patients with unilateral CNLDO (mean: 0.17 ± 0.51 D) and patients with bilateral CNLDO (mean: 0.03 ± 0.42 D) (t (205) = 2.445, P = .015, [two-tailed]). The magnitude of the differences in the means was 0.20 (95% CI: -0.04 to 0.37). However, there was no statistically significant difference in the interocular difference in cylinder (D) of patients with unilateral CNLDO (mean: 0.13 ± 0.57 D) and bilateral CNLDO (mean: 0.03 ± 0.46 D) (t (205) = -1.119, P = .264 [two-tailed]). The magnitude of the differences in the means was 0.10 (95% CI: -0.28 to 0.08; P = .264) ( Table 2) .
The rate of the anisometropia in the current study was 13.7% (n = 22) and 8.6% (n = 4) in patients with unilateral and bilateral CNLDO, respectively ( Table 3) . Following AAPOS guidelines, 6% (n = 9) of the patients with unilateral CNLDO and 4% (n = 2) of the patients with bilateral CNLDO in the current study had amblyopic risk factors. Of 22 cases of anisometropia in unilateral CNLDO, the affected eye had greater hyperopia compared to the fellow eye in 20 (90.91%) cases. In 1 (4.54%) case, the unaffected eye had greater myopic refractive error compared to the affected eye, and the hyperopic refractive error of the unaffected eye was greater than the affected eye in only 1 (4.54%) case (Table 4) .
To find the association between the age of patients and the interocular difference in cylinder and SE of affected and unaffected eyes in patients with unilateral CNLDO, the simple linear regression was performed separately for the two outcome variables. The regression model did not fit these variables and the adjusted R 2 values showed that there was no significant association between the age (months) of the patients and the interocular difference in cylinder and SE of affected and unaffected eyes, with P values greater than .05. The regression model also could not establish an association between the gender of patients and the two outcome variables with P values greater than .05.
DISCUSSION
CNLDO has long been considered a benign problem of the lacrimal system that does not significantly alter the visual development of a child. 5 It is unilateral most of the time and asymmetrically bilateral occasionally. Children with CNLDO show spontaneous resolution in the majority of cases (90%) within the first year of life. 6 Contrary to this claim, there have been reports that symptoms persist in 4% of children with CNLDO beyond 1 year of age, necessitating the need for probing and irrigation. 2, 4, 7 Irrespective of its laterality, CNLDO has been the focus of much scientific debate recently on its proposed association with anisometropia leading to strabismus and amblyopia. It is not clear how the persistent tearing caused by CNLDO influences the development of anisometropia and its sequelae.
In 1985, Raviola and Wiesel concluded that opaque cornea and postnatal eyelid closure leads to myopia. 8 The significance of focused retinal images in the physiological emmetropization has been described in literature. 9 There is a possibility that persistent tearing caused by CNLDO can distort and unfocus the retinal image by producing a blur and hence adversely influence the physiological emmetropization leading to anisometropia. The rate, severity, and timing of epiphora during the physiological emmetropization may also play a pivotal role in the development of anisometropia and, if not treated, may lead to amblyopia. 4 If the proposed association between CNLDO and anisometropia is refractory and the persistent epiphora, discharge, and topical medication in the conjuctival sac is considered to hamper the physiological emmetropization, then early resolution of CNLDO should retard the development of anisometropia and thus save the child from developing anisometropic amblyopia.
Contrary to this claim, Pyi Son et al. showed that early resolution of CNLDO was associated with a higher prevalence of anisometropia. 3 They proposed that the eye with CNLDO, affected by the impaired visual feedback due to the blurred retinal image, proceeds to emmetropization differently than the unaffected eye. Moreover, early resolution can hinder the process of emmetropization in the affected eye, making it lag behind the normal eye to achieve emmetropization and resulting in anisometropia. Therefore, further studies need to be conducted to determine the timing of resolution of CNLDO and its effect on the development of anisometropic amblyopia.
Anisometropia (≥ 1 D between two eyes) is an identified risk factor for amblyopia. 10 As per AAPOS guidelines, anisometropia (spherical or cylindrical) greater than 1.5 D is an amblyopic risk factor in pre-school vision screening. 11 As per the AAPOS guidelines, 6% (n = 9) of the patients with unilateral CNLDO and 4% (n = 2) of the patients with bilateral CNLDO in the current study had amblyopic risk factors.
Amblyopia affects 1.6% to 3.6% of the normal population. 12 The population-based Multi-ethnic Pediatric Eye Disease Study found that 78% of African American and Hispanic children had amblyopia due to anisometropia. 10 In the population-based Baltimore Pediatric Eye Disease Study, 32% of cases of amblyopia were attributed to anisometropia. 13 The results of these studies support the argument that anisometropia can lead to amblyopia. In the current study, patients with unilateral CNLDO had a significant difference in the refractive status of the affected and the unaffected eye, thus increasing the risk of amblyopia. Furthermore, in patients with bilateral CNLDO, the refractive status of both eyes was equally affected by the condition. Hence, the risk of developing anisometropic amblyopia due to bilateral CNLDO was minimized.
An association between laterality of CNLDO and the development of anisometropia was reported by Kipp et al. 14 They found that the rate of anisometropia in the patients with unilateral CNLDO (7.6%) was twice that of patients with bilateral CNLDO (3.6%). The authors concluded that the rate of anisometropia and amblyopia is greater in patients with unilateral CNLDO. In the current study, the rate of the anisometropia was 13.7% (n = 22) and 8.6% (n = 4) in patients with unilateral and bilateral CNLDO, respectively. Also, in patients with unilateral CNLDO, the eye having CNLDO was more hyperopic compared to the fellow normal eye in 90.91% (n = 20) of cases.
Chalmers and Griffifths reported that 3.8% of the cases in their study having CNLDO had anisometropic amblyopia, and the eye having CNLDO and subsequently epiphora had more severe hyperopia compared to the fellow eye, suggesting that persistent epiphora negatively influenced the physiological emmetropization. 15 Ellis et al. contradicted the claim by showing that no statistically significant difference existed between hyperopic anisometropia and amblyopia in children with CNLDO compared to children without CNLDO. 5 Simon et al. reported that anisometropic hyperopia persists even after the resolution of CNLDO in patients with a history of unilateral CNLDO and bilateral CNLDO. 16 This endorses the fact that patients with CNLDO should be regularly reviewed for refractory status. It is also worth mentioning that the treatment of amblyopia becomes challenging as the child ages. Therefore, the anisometropia caused by CNLDO, which can ultimately lead to amblyopia, needs to be evaluated early to avoid permanent visual disability.
There can possibly be anatomic and structural associations between CNLDO and anisometropia. A smaller hyperopic eye and shallow and small orbit along with nasolacrimal passage on the side of the tearing eye may eventually lead to anisometropia in eyes with CNLDO. Further studies are therefore advocated to establish the causal association of CNLDO and anisometropia. 3 We believe that CNLDO can have potential adverse effects on the refractive status of children. It can lead to the development of anisometropic amblyopia. The risks of developing anisometropic amblyopia are higher in patients with unilateral CNLDO than in those with bilateral CNLDO. Keeping in view the high prevalence of CNLDO in the general population, it is vital to perform cycloplegic refraction routinely and counsel parents regarding prognosis and regular follow-ups in patients with CNLDO to avoid permanent visual morbidity.
